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A discussion of the choice of operative measures

necessary to relieve or to cure any pathologic condition
in the body frequently has to take into account many
factors other than those directly connected with the
disease in question. Nowhere, perhaps, is this so

marked as it is in discussing the advisability of treat¬
ing diseases of the nasal accessory sinuses by intranasal
surgery or by an external operation.

Rhinologists at present are at considerable variance,
and personally I find myself, as the result of wider ex¬

perience, changing my views considerably from year to
year as to the desirability of resorting to an intranasal
or an external operation for the relief or cure in any
given case of sinus disease.

External surgical operations undertaken for the cure
of disease of the frontal, ethmoid and sphenoid sinuses
require a thorough knowledge of the anatomy of this
region, acquired not only from the many excellent mono¬

graphs on this subject, but also from an extensive prac¬
tical experience resulting from numerous dissections.
The operator should also have had a thorough training
in general surgical technic and have acquired skill and
reasonable rapidity in operating before attempting these
long major operations. The proximity of the brain and
the great variety in the size, shape and relation of these
cavities to the cranium renders unskilled work on the
part of the operator likely to be followed by serious
consequences to the patient.

In all but the very acute cases complicated by cellu¬
liti?, when an immediate external operation is indi¬
cated, before deciding on recommending to the patient
the intranasal or external operative route, a complete
examination should be made. This includes :

First.—The determination of the number of sinuses
involved.

Second.—Having a skiagraph made which, if good,
will show the size and shape of the frontale and the
number of septa within them; the width of the eth-
moidal area and the approximate size of the sphenoids.

Third.—The general condition of the patient. In
chronic sinus disease, the presence of marked disease of
the arteries, heart, lungs or kidneys makes the external
operation far more serious and frequently undesirable.

Fourth.—Determine, if possible, whether the disease
is acute or chronic. In very few acute cases, not com¬

plicated by the external manifestations described later,
does the condition require an external operation.

Fifth.—If acute, decide whether the history points
to a simple acute inflammation of a previously healthy
sinus or to an acute exacerbation of a chronically dis¬
eased sinus. In the latter case it is wiser to defer the
external operation until the acute symptoms have sub¬
sided.

Sixth.—The severity of the symptoms, more especially
of headache and its effect on the patients. I have not
yet been able to determine why some patients suffer so
much more from sinus disease than others. There is
nothing in either the character or amount of discharge
to help us, nor even in the size of the sinuses as shown

* Read in the Section on Laryngology and Otology of the Ameri-
can Medical Association, at the Sixtieth Annual Session, held at
Atlantic City, June, 1909.

by the skiagraph. As a rule, those with very large
sinuses suffer more than those with small sinuses, but I
have seen many exceptions to this rule. If intranasal
operations fail to give the desired relief, then an ex¬
ternal operation is indicated.

Seventh.—The ultimate result of the treatment of
chronic sinus disease should be carefully explained to
the patient by his physician. Intranasal methods re¬
lieve and may cure. The cavities remain and may again
become infected. External operations remove all the
diseased membrane, obliterate the cavities and result in
a permanent cure. There is a scar and frequently some
deformity in a portion of the anatomy where it is easily
seen by the patient, and this fact alone often deters
some individuals from submitting to the external opera¬
tion.

Eighth.—As intranasal treatment necessitates fre¬
quent operations at short intervals, many who can ill
spare the time for such treatment prefer the more thor¬
ough and less time-consuming external operation.

Ninth.—The neurasthenic patient who is prostrated
each time any intranasal operation is attempted and
rarely submits to enough being done to make much
headway against the disease should be urgently advised
to submit to the external operation.

Tenth.—Very narrow nasal chambers add greatly to
the difficulty of intranasal operations, and to such pa¬
tients with chronic suppuration of the frontal, ethmoid
and sphenoid, we recommend the external operation.

CONDITIONS REQUIRING THE EXTERNAL OPERATION

When considering the diseased conditions in the vari¬
ous sinuses requiring external operation, it would seem
best to divide them into an acute and chronic type.

1. Acute Frontal, Ethmoid and Sphenoid Involve¬
ment.—Whenever acute involvement of these sinuses is
accompanied by marked edema of the skin of the fore¬
head, eyelids or side of the nose, exophthalmos, orbital
cellulitis, local heat, great focal tenderness, with or
without a rise in the body temperature, an external
operation is imperative and should be done without
delay for fear of supervening meningeal or other intra-
cranial complications. On the other hand, it must not
be considered that we would invariably advocate exter¬
nal operation for the relief of very slight local edema
and swelling without first attempting by intranasal
treatment to relieve the condition. It is possible that
deflections of the septum, or large bony exostoses, might
render it impossible to give adequate intranasal treat¬
ment, in which case external surgery must be resorted
to. The proportion of acute cases demanding external
operation is few as compared to those which can be
cured by intranasal treatment.

2. Acute Maxillary Sinusitis.—Very rarely one meets
with an osteomyelitis of the superior maxilla associated
with acute maxillary sinusitis. Such cases should be
treated by a larger opening and drainage through the
gingivo-buccal fold. All other cases of acute disease of
this sinus may be satisfactorily treated intranasally.

S. Chronic Suppuration of the Frontal, Ethmoid and
Sphenoid.—As all three of these groups are usually
simultaneously involved, we will consider them to¬
gether :

A. Those associated with multiple polyp formation in
the nose. Most of these cases are accompanied by such
extensive alterations in the mucous membrane lining
the frontal, ethmoid and sphenoid, that intranasal treat-
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ment, while affording great relief, seldom affects a per¬
manent cure. The polyps recur more or less rapidly
in a large percentage of cases. An external operation
may be relied on to cure.

B. Frontal sinuses which are demonstrated by the
skiagraph to be of large size with one or more septa
and extensive prolongations over the roof of the orbit
can seldom be so drained by intranasal operations as to
prevent the recurrence of the symptoms with each suc¬

ceeding attack of severe acute rhinitis. If the patient's
general condition, therefore, will warrant it, I advise
an external operation for this class of cases in prefer¬
ence to repeated intranasal treatments.

C. Closed empyemata of the frontal as evidenced by
recurring attacks of supra-orbital pain without the his¬
tory of any secretion from the nose or nasopharynx or
occasional scanty secretion, which the examining physi¬
cian fails to detect, and in which the skiagraph shows
an evident involvement of the frontal, are best treated
by an external operation.

D. Cysts of the frontal and cysts of the ethmoid re¬

gion which do not bulge into the nasal cavity are proper
cases for external operation. In this class of eases the
anatomic structures are considerably altered and ab¬
sorption of the bony wall of the cranium not infre¬
quently has been observed. Any attempt to evacuate
the cysts through the nose is too much a matter of guess
work to be called good surgery.

E. Those in whom a fistula has formed leading from
the frontal or ethmoid are advised to have an external
operation. The question of sear does not affect these
patients, as they already suffer a disfigurement which
may be considerably improved after the operation.

b. Chronic Maxillary Sinusitis.—My present belief is
that very few cases of chronic suppuration of the ant¬
rum need anything more than a thorough opening
through the inferior meatus to effect a cure. If these
patients do not recover promptly, I search for involve¬
ment of the ethmoidal cells or frontal sinus, and find
that by curing the disease in this region the antrum
promptly ceases to discharge. If, however, there is a

tendency to recurrence of the disease two or three times
a year as a result of attacks of acute rhinitis, I then
recommend thorough opening of the antrum through
the canine fossa.

53 West Fifty-Sixth Street.

ABSTRACT OF DISCUSSION
ON PAPERS BY DRS. KYLE, LOEB AND COAKLEY

Dr. Ross Hall Skjli.ern, Philadelphia: Dr. Kyle, speak¬
ing of the treatment of acute inflammation of the frontal sinus,
makes the following statement : "The cavity, which is an open
cavity, has been converted into, a closed one. By what process?
Simply by inflammation with its accompanying swelling of the
surrounding structure as well as the orifice. Certainly then by
shrinking these tissues at the right point, drainage by the
natural orifice can be obtained." While this is, of course,
true, it is open to modification. In the majority of cases we
are able to bring about relief by the application of cocain to
the hiatus and surrounding parts, but it has been my experi¬
ence that this relief is often but momentary, trom one to three
hours, on account of the degree of inflammation and the nar¬
rowness of the nasofrontal duct. The mucous membrane
quickly again becomes turgid with blood. In these cases I
resort to a procedure which has invariably given good results,
that is, infraction of the middle turbinate. It is a simple pro¬
cedure which can hardly be dignified by the term operation,
being done as follows: Apply 20 per cent, solution of cocain
between the middle turbinate and processus uncinatus, wait

five minutes, then introduce a blunt submucous retractor and
pry the turbinate away from the lateral wall of the nose.
Sometimes this will fracture the turbinate at the base, but
more often it is necessary to introduce a long Killian speculum
and spring apart the blades. This will invariably bring about
the desired result. The advantages of this procedure are self-
evident, as we procure good drainage room without sacrificing
any tissue. The after-treatment consists merely in keeping
the bowels open and giving aspirin one-half dram every two or
three hours.

Dr. Loeb calls attention to the ethmoid cells which extend
so high up as to be almost inaccessible to the intranasal oper¬
ation. In the endonasal radical operation, suppuration in
these cells may be overlooked and only be discovered at some
later date.

They can easily be reached and opened by the Grünwald
forceps. When operating on the nose we see the inferior edge
of the middle turbinate far up in the nasal cavity, and it ap¬
pears as though we are getting on dangerous ground when we

penetrate a half inch beyond this point. As a matter of fact,
this edge is approximately only half the distance between the
floor of the nose and the lamina cribrosa.

In operating on the sphenoid sinus, a condition is liable to
arise which may be very confusing. After one has exenterated
the ethmoid cells, if the pars nasalis of the sphenoid sinus is
very narrow one is apt to mistake the posterior ethmoid cell
for the sphenoid sinus. This error can be discovered by meas¬
urement and exploring the wall near the septum where the
end of the probe would strike the remainder of the nasal wall
of the posterior ethmoidal cells.

Dr. Coakley states: "In all but the very acute cases com¬

plicated by cellulitis, when an immediate external operation is
indicated, before deciding on recommending to the patient the
intranasal or extranasal route, a complete examination should
be made." I do not believe an external operation is ever in¬
dicated in an uncomplicated case of chronic frontal sinus
empyema in which the patient has not as yet undergone an
intranasal operation. In other words, I mean that the chances
of relieving the symptoms are so great that the endonasal pro¬
cedure should first be resorted to. I wish to emphasize the
clause: "Relieving the symptoms" not curing the patient. After
they are relieved it. is a personal equation with the patient
whether the discharge, occasional headaches, and possible
chances of arising complications shall persuade him to submit
to a radical operation.

This brings us to the following question: If the pain and
the sensitiveness, together with the secretion, although im¬
proving do not entirely cease, how long shall we wait
before advising a radical procedure? It seems to me that this
will depend largely on the mental effect produced on the pa¬
tient. As Dr. Coakley mentions in his sixth condition, some

patients suffer much more than others in uncomplicated cases.
In those who do not find the discharge and headache particu¬
larly annoying, it is wise to wait weeks and even months, for
these cases often heal spontaneously; on the other hand, if
the patient seems to be in a fair way of becoming a neuras¬
thenic in consequence of bis symptoms, no matter how trivial
they appear to us, an external operation is indicated; therefore,
fixing a time for a radical operation after the endonasal pro¬
cedure depends entirely on the individual characteristics of the
case.

Finally, in advising a radical operation, we must remember
that it is by no means a minor procedure and every patient
radically operated on does not always mean every patient
radically cured.

Dr. J. A. Stucky, Lexington, Ky. : I fully agree with Dr.
Skillern that frontal sinus, or any nasal accessory sinus sur¬

gery, is by no means minor surgery. I have recently had two
patients with amblyopia due to trouble in the sphenoid sinus,
who recovered after operation on the sinus. I have also had
two cases of involvement of the frontal lobe of the brain due
to suppuration in the frontal sinus. In one a large part of the
anterior lobe was destroyed by suppuration.

I want to emphasize Dr. Coakley's remarks in regard to
the skiagraph, and also, for the benefit of those just beginning
this work, the necessity of proceeding cautiously. The last
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word has perhaps been said as to the time to operate on a mas¬
toid, but this is not true regarding the operation on the nasal
accessory sinuses. I.am surprised that nothing has been said
as to the mental disturbance in these conditions. I have pub¬
lished a paper on this subject and have now in course of
preparation a paper going somewhat into detail as to the ques¬
tion of mental disturbance caused by sinus involvement.

Recently, I obtained permission to examine 1,000 patients in
the Insane Asylum at Lexington, to determine the percentage
having sinus trouble. The mental symptoms may be due to
acute or subacute infection in the anterior part of the brain,
the thickened and inflamed membrane being the cause. In no

other way can we account for the subsidence of the symptoms
after operation. Complete mental recovery may be predicted
in many of these individuals after radical operation. I have
proved this in five cases now and am surprised that more has
not been written on this subject.

Dr. R. H. Good, Chicago: I am afraid to use a drill of any
kind in the frontal sinus, but I am not afraid to use my
frontal sinus rasp. Those who have read my articles will re¬
call that I described chisels, but I am indebted to Dr. Joseph
Beck, who has persuaded me to do the operation without
chisels. The middle turbinate is removed in part or in its en¬

tirety; then I bite out the ethmoid cells up to the cribriform
plate; then after having done that I use the rasp. There are

rasps on the market that are not made smooth on one side—
they should not be used. The instrument should be smooth on
one side but cutting on the other side and in front. The rasp
is introduced up to the floor of the skull. The orbital surface
is smooth. You can rasp forward and you can not do any
damage to the cranial cavitj-. If the ordinary methods of
straightening the septum and removing the middle turbinate
and some of the ethmoid cells fail, then it is time to do this
operation. I do it in all cases in which a frontal sinus oper¬
ation is indicated except when I suspect tumor or brain com¬

plication. The opening one can make with this rasp is large,
and if the external operation is necessary afterward there has
already been established a large opening into the nose. The
rasping is away from the brain, and no damage can be done
to the eye because that side of the rasp is smooth.

Dr. B. R. Shurly, Detroit : It has been my privilege for a
decade or more to travel the middle road in the treatment of
disease of the accessory sinuses. Waves of radicalism have
come from Europe and the earthquake region of our country
and waves of conservatism have come from the east and middle-
west, but I have still traveled on the same old middle road.
There are many interesting points to be weighed in considering
these problems. First, we might divide all here into three
classes: first, those who form their views from clinical experi¬
ence; second, those who derive their views from clinical expe¬
rience and private practice, and, third, those who form their
opinions from private practice alone. It seems to me the
question we should ask in each of these cases is just how we
should like that sinus treated if it were our own. The prob¬
lem of the bacteriology of the condition is one not sufficiently
weighed. We have more difficulty in controlling a sinusitis
that is due to the streptococcus or Bacillus prodigiosus than
one due to the Staphylococcus albus or 8. aureus. And the re¬
sistance of the patient and personal equation are such im¬
portant factors in this class of cases that they should have
great weight with us before we decide on operative procedure.
We all understand the necessity for drainage and the necessity
for having as thorough drainage as possible. We should have
an ¡r-ray picture in every chronic case. In the acute cases we
should treat the patients carefully with sprays, keeping up
proper drainage from day to day, washing out the region care¬

fully with antiseptic solutions. I am proud to say that the
American physicians and surgeons to-day stand for first of all
the comfort of their patients, and that is something we should
all be proud of. The procedure in chronic cases can be carried
on in a very conservative way in the beginning. We should
find out what the resistance of the patient will be, and what
we.can do with irrigation or vaccine therapy when feasible
and then proceed to the removal of the middle turbinate or an
intranasal operation. If necessary, as a last resort, the radical
procedure may be adopted.

Dr. Percy Fridenberg, New York: I want to speak from
the ophthalmologic standpoint as to the choice of operation.
The danger of the intranasal route is accentuated by bone-cut¬
ting instruments, drills, rasps, and so on, which must be used
blindly and may easily penetrate the orbit, or cranial cavity.
The dangers of infection, hemorrhage, and of traumatism to
various important nervous and vascular structures, as the
optic nerve, internal carotid and cavernous sinus, must be con¬

sidered. Finally, the accuracy and completeness of the intra-
nasal operation are problematical, and can be determined, as a

rule, only by the subsequent course of the case. When there
is evidence of involvement of the orbit to adopt the intranasnl
operation is simply a loss of time. In the development of this
subject the ophthalmic surgeon and the rhinologist have se;'n
the cases from a different standpoint. In the eye clinics the
patients come for ocular conditions, motor paralysis, orbital
abscess, exophthalmos and pain or intractable headache. These
cases, as a rule, the rhinologist doesn't see, just as we do not
see the milder cases with only nasal symptoms. The objection
to the external operation has been from a rhinologic point of
view, the fear of injuring the eye and the lachrymal apparatus.
And I want to call attention to the fact that the external oper¬
ation does not necessarily affect either of these structures.
There is less danger of ocular injury in the external operation
where the operator sees the cells and can gauge the operation
by the conditions present than there is in the intranasal pro¬
cedure where he can not know whether he has removed all the
diseased area or not. In the external operation he does know
this. Radiography gives us a great deal of information and is
a great help in this work, especially in external operations.

Dr. H. C. Masland, Philadelphia: When there is pus in
the sinus I have serious doubts as to the worth-while per¬
centage of cures that are effected by treatment through the
natural opening. The mechanics of the condition would call
for drainage at the most dependent portion. The curved trocar
is unsatisfactory, in that it can not be rotated without obscur¬
ing the vision, and if it is forced in it is liable to slip, to pene¬
trate at the upper thinner part of the bony wall, or to lacerate
the mucous membrane. A straight trocar can be rotated to
cut, not force, its way through the thicker portion of the divid¬
ing wall at the floor of the antrum. A curved silver cánula
can be made in twenty-four hours to be inserted in this open¬
ing. It can have a collar at its inner end to be self-retaining.
The curve fitted to each patient removes all questions of pres¬
sure distress; its outer end lies at the vestibule of the nose,
obscured by the alse of the nose. The patient with a suitable
rubber bulb is thus permitted to give the antrum a thorough
cleansing at home each day.

Dr. R. P. Scholz, St. Louis: Most of the speakers seem to

agree that the conservative intranasal method, followed when
necessary, by radical external operation, is the proper means

of coping with sinus diseases. This being the middle path,
seems to me to be the proper course. Ordinarily we should be
as conservative as the case will permit, since after radical in·
terference the nose is seldom so satisfactory an organ as when
less radical means have been resorted to. Even when there arc

signs of the inflammation having spread beyond the limits of
the sinus, as into the orbit, etc., it is often surprising what can
be accomplished by the most conservative intranasal treat¬
ment, shrinkage of the nasal tissue so as to favor drainage,
removal of polypi, lavage, etc. Of course, these patients need
the closest observation on the part of the rhinologist, since
many can only be coped with by radical external operative
means. Not long ago two European writers described their
methods of producing nasal suction. This principle (my state¬
ment being on the trial I have given it) is both an excellent
diagnostic and therapeutic aid. I feel confident that it is one
of our most valuable means of diagnosing ethmoidal suppura¬
tion. Not only is the pus sucked from the cavity as such but
by the production of hyperemia Í diminishing the size of the
cavity) the pus is forced from the cell. One essayist claims
polyp formation to be an indication for radical operation. To
this I do not agree. Believing that in these cases often the
polyp formation is the prolonging cause of suppuration. Fre¬
quently the simple removal of the polypi, thus establishing
free drainage, will lead to entire restoration.
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Db. C. M. Robertson, Chicago: It seems to me that the
first thing to do in treating cases of empyema of the sinuses is
to determine whether the condition is acute or chronic ; this is
absolutely essential. The next thing is to determine the char¬
acter of the inflammatory condition to be attacked. If it is of
staphylococcus origin we can be more dilatory than if we have
to deal with a more virulent infection. I operate very little
on the frontal sinus, that is, radically. I think I am able to
effect a cure in most of the cases intranasally by cutting
away the anterior part of the middle turbinate and establish¬
ing free drainage. It is necessary, however, to have a skiagraph
to determine the exact topography. If the sinus extends over
the orbit or is divided by septa it is useless to try to treat it
intranasally. With the anterior ethmoid cells intranasal treat¬
ment is more efficacious. I believe that it is necessary to con¬
serve the turbinate tissue. It is a physiologic tissue and un¬
less there is a great deal of disease we should try to save it.
When polypi exist I have done the radical operation on the
maxillary sinus and ethmoid cells and seen the polypi disap¬
pear. They shrink up when drainage is established, fo* they
are nothing more than exuberant granulations. In the treat¬
ment of the posterior ethmoid cells and the sphenoid sinus I
have not had such good results intranasally.

Dît. E. A. Crockett, Boston: We have heard a great deal
about complete removal of the middle turbinate and intranasal
removal of the ethmoidal labyrinth, and most of the gentlemen
would leave us with the impression that it is a simple oper¬
ation and that the external operation is much more difficult.
Now, that does not accord with my experience. I always ad¬
vocate extranasal operations in preference. It is easier for
the man with limited experience. In Boston we have had no
deaths from the external operation. On the other hand, I know
of two deaths at the Eye and Ear Infirmary and two at the
Massachusetts General Hospital following the intranasal oper¬
ation. These statistics may not conform to the experience of
men from other parts of the country, but the fact is significant
that these patients were in the hands of four different men.

Db. George M. Case, Elmira, N. Y. : During the spring of
1904, I spent some time in the clinic of Professor Jansen, of
Berlin. It was not uncommon in one day to witness three or
four operations for radical cure of chronic sinusitis. The oper¬
ations were brilliant indeed: in three-quarters of an hour he
would clean out frontal, ethmoid, maxillary and sphenoid
sinuses, using drainage from each. It seemed a rapid way to
cure these patients. But by inquiry and observation in the
hospital I found many of these patients relapsed and required
a second operation. Again, although the suppuration was les¬
sened, these patients were uncomfortable, suffering intensely
from dryness in the nose and throat, and requiring almost con¬
stant attention to have anj' degree of comfort. Of course, the
middle turbinate was removed in all patients I saw operated
on. My observations, both in Berlin and Vienna, and since,
have taught me to be conservative in the management of these
cases. Of course, if patients can not spend the time necessary
to carry on a long and tedious nasal treatment we may be
forced to institute radical measures early in the case. I think
it poor surgery to sacrifice the turbinate and destroy nasal and
lining mucous membrane of the sinuses, when we can get drain¬
age by less radical measures.

Dr. C. F. Welty, San Francisco: I wish to report the death
of two patients in San Francisco from the so-called intranasal
operation. They were not my cases but came to my knowledge.

Dr. H. W. Loeb, St. Louis: A man can not be absolutely
sure that he is in the frontal sinus. He may be in an ethmoid
cell that is diseased and he may relieve the patient, but he
doesn't know that he is in the frontal sinus. Dr. Coakley
speaks of the impossibility of relieving sphenoid suppuration
entirely by the nasal route. We have all seen patients oper¬
ated on radically in which suppuration continued. Whether it
is due to the impossibility of getting away all the diseased
mucous membrane or not I am unable to say.

Dr. Crockett calls attention to the difficulty of the intranasal
operation, but I think his inference is rather overdrawn in
regard to the difference in the number of deaths in comparing
the two operations. While there are thousands and thousands
of operations done intranasally, there are comparatively few

done extranasally, and not every one who has a death from the
extranasal operation reports it. One trouble is that we do not
look on the intranasal operation as a surgical procedure.
Some rhinologists do it in the office. If we would take as
much pains in operating intranasally as we do with the extra-
nasal operation our results would be immeasurably better and
there would be less danger of death. In the external operation
we make the same preparation as if we were going to do an
abdominal operation. The intranasal operation should be en¬
titled to as much respect.

Dr. D. B. Kyle, Philadelphia: No one method will succeed
in every case. The conservative method will fail occasionally
and so will a radical operation. It is merely a question of
judgment, the individual case, and the experience of the oper¬
ator. Knowing when to operate is the most important thing,
and we should always question whether we would do that par¬
ticular operation on our own sinuses. If you try the con¬
servative method you will find that you will not have to do
the radical operation very often.

Clinical Notes
THE TRANSPARENCY OF' MATTER FOB

X-RAYS NOT AFFECTED BY TRANSVERSE
RADIATION FROM A SECOND TUBE
R. A. MILLIKAN, Ph.D. and E. J. MOORE, M.A.

CHICAGO

In a recent article1 it was asserted that greater
transparency and, as a result, better skiagraphs, can
be obtained in x-ray work by having two sources of the
rays at right angles to each other, radiating simultane¬
ously on the body to be photographed. In order to test
the truth of this assertion by the electroscope method
the following experiments were undertaken :

Two x-ray bulbs, one which will be called the direct
bulb D and the other the transverse bulb T, were
arranged as indicated in the diagram, both being care¬
fully enclosed in lead, screens. Openings in the screens
were made at a, b, c and d, through which the rayscould pass and produce ionization in the three electro¬
scopes, En E2 and E.3 These electroscopes were pro¬
tected in such a way that they were unaffected by the
radiation from the bulbs when the openings a, b, c and d
were closed by lead shutters.

The two bulbs D and  were always run simultane¬
ously during all observations. The electroscope at Et
was used for observing, first, the intensity of the rays"
from D which pass through any body placed at A
when the shutter c is closed and the shutter b open; sec¬
ond, the intensity of the rays from D which pass through
the body at A when both b and c are open so that the
body is being radiated on by both D and T; third, the
intensity of the secondary rays which enter E, when
b is closed and c open so that only transverse rays fall
on the body at A. If the transverse rays from  in¬
crease the transparency of the body at A for the direct
rays from D, the effect produced per second on E, when
both b and c are open should be greater than the sum
of the two effects produced per second on Et when b
and c are opened successively.

The electroscopes E2 and E3 were used merely for
eliminating irregularities in the rates of radiation of
the two bulbs D and T. E2 was affected only by D,
and therefore served as a measure of the rate of radiation
of D, while E3 was affected only by T, and hence served
as a measure of the rate of radiation of T.

1. O'Donnell, P. S. : A New Method of Taking X-Ray Pictures,The Journal A. M. A., April 17, 1909, lii, 1246.
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